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DUAL EDGE PROGRAMMABLE DELAY 
UNIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to programmable delay units 

and more particularly to providing a dual edge program 
mable delay unit. 

2. Description of Related Art 
U.S. Pat. No. 5,933,039 of Hui et al (Hui '039) for 

“Programmable Delay Line” is related to a voltage 
comparator-RS register based delay line. The Signal chain is 
long, with a minimum delay as long as 5 nanoseconds (ns). 
Thus the delay line of Hui 039 cannot be used in a 
high-Speed circuit. The rising edge and the falling edge have 
the same delay time, So it cannot be used as an on-chip 
timing adjusting unit. The current Source is amplifier-resistor 
based, and the Setting time is quite long depending on the 
resistance Selected and the parasitic capacitance. The delay 
line operation of Hui 039 is “reset signal” based; and no 
program code protection function is provided, So it cannot be 
used in a real time and an on-chip operation. Therefore the 
delay line units of the Hui et al is related to a different 
application field and different circuit Structure from those of 
present invention. 

U.S. Pat. No. 5,355,038 of Hui et al (Hui 038) for 
“Architecture for Programmable Delay Line Integrated Cir 
cuit” is similar to Hui 039 in terms of the concepts and the 
System Structure, but the circuit implementation is Somewhat 
different. The delay line is based on a voltage-comparator 
and an RS register. The minimum delay line is long, 10 ns, 
So it cannot work in high Speed circuits. The rising edge and 
the falling edge cannot have Separate delay Settings, So it 
cannot be used as a on-chip timing adjustment unit. With an 
amplifier-resistor based current Source, the Setting time is 
quite long, depending on the resistance Selected and the 
parasitic capacitance. The delay line operation of Hui 038 
is “reset Signal’ based and there is no program code pro 
tection function, So it cannot be used in a real time and 
on-chip operation. Therefore, the delay line units of Hui 
038 are related to a different application field and a different 
circuit structure from the present invention. 

U.S. Pat. No. 5,936,451 of Phillips entitled “Delay Circuit 
and Method” describes a delay line related to very low speed 
applications Such as power motors, Solenoids, which is an 
entirely different field from that of present invention. The 
main purposes of the PhillipS patent are to avoid turning on 
the NFET and the PFET at the same time when they are 
Staked between power Supply and ground. The goal of the 
PhillipS patent is to obtain long delays without requiring a 
large capacitor or a large resistor, which is a completely 
different purpose and goal from those of present invention. 
The delay circuit of the Phillips patent has no capability to 
Set different delay times for rising edge and falling edge 
independently. Therefore the concept, the purpose and the 
function of the delay circuit in the patent are different from 
those of present invention. 

U.S. Pat. No. 6,124,745 of Hilton entitled “Delay and 
Interpolation Timing Structures and Methods” describes a 
delay circuit based on a differential amplifier with two 
capacitors. The circuit Structure and operation principle are 
completely different from those of present invention. The 
delay circuit of the Hilton patent has no capability to Set 
different delay times of the rising edge and the falling edge 
Separately. Therefore the circuit Structure, operation prin 
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2 
ciple and the function of the delay line in the Hilton patent 
are different from those of present invention. 

FIG. 1 shows a Schematic circuit diagram of a conven 
tional prior art programmable delay unit 10 of a type that is 
used widely in industry currently. The delay unit consists of 
“n” inverter-based delay elements IP1, IP2, . . . , IPn in 
Series, a Series connected Set of “n” transmission gates TG1, 
TG2, . . . , TGn-1, TGn and an “n” bit latch 27. Inverter 
based delay element IP1, that includes series connected 
inverters 14 and 16, receives an input signal IN on input line 
12 and provides a delayed output which is connected via 
node 17 to the source/drain circuit of transmission gate TG1, 
as well as the input of inverter 18. Inverter-based delay 
element IP2, which includes series connected inverters 18 
and 20, has its input connected to node 17 and has its output 
connected via node 21 to the Source/drain circuit of trans 
mission gate TG2, as well as the input of the next inverter 
not shown through node 21. Farther along near the end of the 
delay unit 10 is a node 23 connected to the source drain 
circuit of transmission gate TGn-1. The final inverter-based 
delay element IPn in the programmable delay unit 10, which 
includes Series connected inverters 24 and 26, has its input 
connected to node 23 and has its output connected to the 
Source/drain circuit of transmission gate TGn. The Source/ 
drain circuits of the transmission gates TG1, TG2, . . . , 
TGn-1, TGn are connected to the node 22 and output line 
29. The latch 27 provides an turn ON signal to a selected one 
of the lines L1, L2, ..., Ln-1 and Ln to the gate electrode 
of a corresponding one of the “n” transmission gates TG1, 
TG2, ... TGn-1, TGn as a function of the control word on 
bus line 28. 
When the control word on control word bus 28 is latched 

into the latch 27, one of the transmission gates TG1, 
TG2, . . . TGn-1, TGn is selected, i.e. turned on, and the 
corresponding output of one of the delay elements IP1, 
IP2, ..., IPn is selected to be connected through one of the 
Source drain circuits of the Selected transmission gates TG1, 
TG2, . . . , TGn-1, TGn via node 22 to and through the 
output line 29 to provide the output signal OUT. 
The problem with the kind of delay unit illustrated by 

FIG. 1 is that the rising edge delay time and the falling edge 
delay time are not set Separately. Usually, the two delay 
times of each delay element are not the Same. The result is 
that delay time differences are accumulated when more than 
one of the delay elements in Series is Selected. Thus the 
problem is that pulse width distortion occurs in the input 
pulse and the output pulse from the type of circuit shown in 
FIG. 1. 

SUMMARY OF THE INVENTION 

A typical application of the present invention is described 
in copending U.S. patent application Ser. No 10/692,192 Kai 
D. Feng and Hongfei Wu entitled “Glitch Free Receiver For 
High Speed Simultaneous Bidirectional Data Bus”, the 
teachings of which are incorporated herein by reference. 
The present invention provides a Solution to the problem 

described above with respect to FIG. 1 by means of provid 
ing an inverter based delay unit which features a very short 
Signal chain So that the initial delay time or the minimal 
delay time is very Small, (two inverter delay time) can be 
down to the picoSeconds (ps) range. It can be used as 
application of on-chip timing adjustment of high Speed 
integrated circuits. 

In accordance with this invention, a dual edge program 
mable delay unit is provided that includes a circuit with fast 
Setting time, very Short minimum delay time, and indepen 
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dent rising edge and falling edge delay time Settings. The 
programmable delay unit of this invention can be used as 
real time, on-chip timing adjustment unit in a high Speed 
System. 

Further in accordance with this invention, a method and 
device are provided for programming of a dual edge pro 
grammable delay unit a programmable delay unit in 
response to an input Signal. A buffer control circuit is 
included which receives an input signal with a rise time and 
a fall time and provides an output signal with variable delayS 
between the rise and fall times of the output signal as 
programmed to programmable control Sources (PCS) pro 
viding a separate control inputs to first and RTPCS. The 
FTPCS provides a first output current which charges a 
capacitor in the buffer and the RTPCS provides a second 
output current which discharges the capacitor in the buffer 
circuit. Variable control signals are provided to the PCS. The 
FTPCS provides an output current through the buffer circuit 
when the input Signal transits from logic high to logic low 
and the RTPCS provides an output current through the buffer 
circuit when the input signal transits from logic low to logic 
high. The buffer control circuit responds to the output 
current through the FTPCS when the input signal transits 
from logic high to logic low or responds the output current 
through the RTPCS when the input signal transits from logic 
low to logic high. 

Preferably there are two Separate controlled program 
mable current Sources on the Pside and the N side. The P 
Side programmable Source Sets the charge current to the gate 
capacitance So that it can control the delay time at the falling 
edge (when the input signal VA changes from logic high to 
logic low). The N Side programmable Source sets the dis 
charge current from the gate capacitance So that it can 
control the delay time at the rising edge (when the input 
Signal VA changes from logic low to logic high). Therefore 
the two delay times can be adjusted independently. Since the 
dual edge delay times can be programmable Separately, the 
delay unit can Set different delay times for the rising edge 
and the falling edge, which is a feature that is especially 
useful in adjusting the timing of integrated circuits. 

Preferably, the programmable current Source consists of a 
pair of Switching current mirrors or Switching current 
Sources that can be turned ON or turn OFF very fast on the 
order of picoSeconds (ps). There is a code protection circuit 
in the delay unit, which restricts the Pside current source to 
changing the current Setting code only during the time that 
the input Signal VA at logic high. The code protection circuit 
in the delay unit also restricts the N Side current Source to 
changing the current Setting code only when the input Signal 
VA is at logic low. Thus all delay times are predictable, 
because no delay time between two Settings would occur. 
Due to the improved performance of the dual edge program 
mable delay unit, it can be used for real time and on-chip 
timing adjustment in integrated circuits to reach glitch free 
Status. 

A buffer circuit is provided which includes a pair of 
inverters. The Second inverter is a Schmitt trigger circuit 
which has a fast rising time and a fast falling time due to 
positive feedback. 

Preferably, the buffer control circuit includes a first 
inverter and a Second inverter. A buffer control circuit is 
provided including a first inverter and a Second inverter each 
having an input and an output with the first having a first 
input and a first output and the Second inverter having a 
Second input and a Second output. The first inverter to 
responds to the FTPCS when the input signal transits from 
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4 
logic high to logic low to connect between the FTPCS and 
the first output. Provide for the first inverter to respond to the 
RTPCS when the input signal transits from logic low to logic 
high to connect between the RTPCS and the first output. 
Connect the first output of the first inverter to a node 
connected to the Second input of the Second inverter with the 
Second inverter providing the output signal at the Second 
output, from the Second inverter. Connect a capacitor 
between the node and a reference potential. Provide a 
Schmitt trigger circuit as the Second inverter. Provide cur 
rent mirror circuits in the FTPCS and the RTPCS. Provide 
a first control word to a first latch which in turn provides a 
first variable control signal to the FTPCS. Provide a second 
control word to a Second latch which in turn provides a 
second variable control signal to the RTPCS. Provide FET 
fingers in the FTPCS with each finger thereof being con 
trolled by an output from a register in the first latch. Provide 
FET fingers in the RTPCS with each finger thereof being 
controlled by an output from a register in a corresponding 
latch. 

In accordance with another aspect of this invention, 
provide dual edge programming using a programmable 
delay unit with a buffer control circuit including a signal 
input, a signal output, a PSPC connection line, and a NSPC 
connection line. Provide a P Side Programmable Current 
(PSPC) source with a PSPC input and a PSPC current line 
connected to the buffer through the PSPC connection line. 
Provide an N side (NS) latch that is adapted to receive an 
input of an N side control word and a Nside write signal and 
outputs of N Side Switching Signals, which are a function of 
the N side control word. The NS latch provides outputs of N 
side Switching signals that are a function of the N side 
control word, with outputs of the N Side Switching Signals 
being provided to the input of the PSPC source. Provide an 
N Side Programmable Current (NSPC) source having an 
NSPC source input and an NSPC current line connected to 
the buffer through the NSPC connection line. Provide a P 
side (PS) latch adapted to receive an input of an P side 
control word and a Pside write signal and outputs of Pside 
Switching Signals, which are a function of the PSide control 
word. The PS latch provides outputs of P side Switching 
signals which are a function of the Pside control word with 
the outputs of the N Side Switching Signals being provided to 
the input of the PSPC source. 
The buffer control circuit includes a first inverter and a 

Second inverter. Provide the buffer control circuit with a first 
inverter and a Second inverter each having an input and an 
output with the first having a first input and a first output and 
the Second inverter having a Second input and a Second 
output. Provide for the first inverter to respond to the first 
PSPC source when the input signal transits from logic high 
to logic low to connect between the first PSPC source and 
the first output. Provide for the first inverter to respond to the 
second PSPC source when the input signal transits from 
logic low to logic high to connect between the second PSPC 
Source and the first output. Connect the first output of the 
first inverter to a node connected to the Second input of the 
Second inverter. 
The Second inverter provides the output signal at the 

second output, from the second inverter. Provide a PMOS 
FET and an NMOSFET in the first inverter having first ends 
of Source drain circuits thereof connected to the output of the 
first inverter. Connect the input to the first inverter to gate 
electrodes of the PMOSFET and the NMOS FET. Connect 
opposite ends of the source drain circuits of the PMOSFET 
and the NMOSFET to outputs of the first PSPC source and 
the Second PSPC Source. 
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In accordance with Still another aspect of this invention, 
a dual edge programmable delay unit responsive to an input 
Signal is provided. A buffer control circuit receives an input 
Signal with a rise time and a fall time, the buffer control 
circuit providing an output signal with variable delayS 
between rise and fall times of the output signal as a function 
of programming provided to first and Second programmable 
control sources (PCS). A first control input to the FFPCS and 
a separate, a second control input to a RTPCS. Each of the 
FTPCS being programmable to provide a first variable 
output current. Each of the RTPCS being programmable to 
provide a Second variable output current. A first variable 
control signal to the FTPCS and a second variable control 
signal to the RTPCS. 

The buffer control circuit responds (a) when the output 
current through the FTPCS the input signal transits from 
logic high to logic low, or (b) when the output current 
through the RTPCS when the input signal transits from logic 
low to logic high. The FTPCS is adapted to provide output 
current to the buffer circuit when the input signal transits 
from logic high to logic low. The RTPCS is adapted to 
provide output current to the buffer circuit when the input 
Signal transits from logic low to logic high. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other aspects and advantages of this 
invention are explained and described below with reference 
to the accompanying drawings, in which: 

FIG. 1 shows a Schematic circuit diagram of a conven 
tional prior art programmable delay unit. 

FIG. 2A is a Schematic block diagram of a programmable 
delay unit in accordance with this invention which can 
adjust the rising edge delay time and falling edge delay time 
independently from input Signal VA to output Signal VAD. 

FIG. 2B is a schematic diagram of the buffer circuit 
shown in FIG. 2A consisting of two inverters and a capaci 
tor. 

FIG. 2C shows a Schmitt trigger circuit which is the 
Second inverter of the buffer circuit FIG. 2B. 

FIG. 2D shows the Pside programmable current source of 
FIG. 2A, which is a P type current mirror. 

FIG. 2E shows the Pside latch of FIG. 2A which consists 
of a set of “n” D type registers plus an AND gate. 

FIG.2F shows the N side programmable current source of 
FIG. 2A, which is an N type current mirror. 

FIG. 2G shows the N side latch of FIG. 2A which consists 
of a set of “n” D type registers plus an inverter and an AND 
gate. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 2A is a Schematic block diagram of a programmable 
delay unit 30 in accordance with this invention, which can 
independently adjust both the rising edge delay time and the 
falling edge delay time of an output Signal VAD which is 
produced in response to an input signal VA. 

The programmable delay unit 30 shown in FIG. 2A 
consists of five Sub-circuits. A first one of those circuits is a 
buffer circuit U1, which receives the input signal VA and 
produces the output Signal VAD. The programmable delay 
unit 30 also includes a Pside Programmable Current (PSPC) 
source U2, a PSide (PS) Latch U3, an N side Programmable 
Current (NSPC) source U4, and an N Side (NS). 
The latch U3 provides digital signals to the PSPC source 

U2 to control the adjustment of the falling edge delay time 
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6 
of the output signal VAD relative to the falling edge time of 
the input Signal VA in response to a digital input from PSide 
Control Word input bus 40 under control of a computer 
control system (not shown). In turn, the PSPC source U2 
generates a current Supplied on line 36 to the buffer circuit 
U1 the variable amplitude of which controls the falling edge 
delay time of the output Signal VAD in response to digital 
falling edge delay control signals from the PS latch U3. 
The latch U5 provides digital signals to the NSPC source 

U4 to control the adjustment of the rising edge delay time of 
the output signal VAD relative to the rising edge time of the 
input Signal VA in response to a digital input from the N Side 
Control Word input bus 50 under control of a computer 
control system (not shown). In turn, the NSPC source U4 
generates a current supplied on the line 38 to the buffer 
circuit U1 the variable amplitude of which controls the 
rising edge delay time of the output signal VAD in response 
to rising edge delay control signals from the NS latch U5. 

Thus, the falling edge delay time and the rising edge delay 
time of the output signal VAD relative to the falling edge and 
rising edge time of the input signal VA are controlled 
independently. 
A power Supply with Voltage VCC (positive voltage) is 

connected to all sub-circuits including buffer U1, PSPC 
Source U2, PS latch U3, NSPC source U4 and NS latch U5 
by line 31 via connected nodes. The ground or reference 
potential (OV) of the power supply is connected to all 
sub-circuits including buffer U1, PSPC source U2, PS latch 
U3, NSPC source U4, and NS latch U5 by line 32 via 
connected nodes. 

The PSide control word is Supplied as a digital signal on 
the bus line 40 to the PS latch U3 and a write signal is 
supplied thereto on the line 66. The Pside control word on 
bus line 40 and the write signal on line 66 are supplied to the 
PS latch U3 by the system controller (not shown) which may 
be a microprocessor, a phase detector, a microcontroller, or 
a glitch detector, as will be well understood by those skilled 
in the art. 
The PS latch U3 supplies a set of digital switching signals 

PL1,..., PLn-1, PLn onlines 41, 42, 43 to the PSPC source 
U2, which is connected by the U2 to U1 buffer input line 36 
to Supply an analog current to the buffer U1. The analog 
current passing through the U2 to U1 buffer input line 36 
varies as a function of the Pside control word on line 40, as 
registered by P side latch U3. 
An N Side control word is Supplied as a digital Signal on 

bus line 50 to NS latch U5 and a write signal is supplied 
thereto on line 76. The N side control word on bus line 50 
and the write signal on line 76 are Supplied by the System 
controller (not shown) which may be a microprocessor, a 
phase detector, a microcontroller, or a glitch detector, as will 
be well understood by those skilled in the art. 
The NS latch U5 Supplies a set of digital Switching signals 

NL1, . . . , NLn-1, NLn on lines 51, 52, 53 to the NSPC 
Source U4, which is connected by line 38 to Supply an analog 
current to the buffer U1. The analog current passing through 
line 38 varies as a function of the N side control word online 
50, as registered by the N side latch U5. 
The input signal VA is connected through line 12' to the 

buffer U1, and from line 12" to line 46 to the PS latch U3 and 
from line 12' to line 56 to the NS latch U5. Buffer U1 
supplies the output signal VAD on line 39. 
1. The Buffer Circuit 

Referring to FIG.2B, the buffer circuit U1 consists of two 
inverters I1 and I2 plus a capacitor C. The first inverter I1 
has its input connected to receive the input Signal VA on line 
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12' and to provide its output at a node 37. Line 36 from 
PSPC Source U2 and line 38 from NSPC Source 38 connect 
to the first inverter I1. 
One terminal of the capacitor C is connected to both the 

output of the first inverter I1 and the input of the second 
inverter I2 through the nodes/line 37. The other terminal of 
the capacitor C is connected via nodes/line 32 to the refer 
ence potential (OV). 

The second inverter I2, shown in detail in FIG. 2C, is a 
Schmitt trigger circuit which has its input connected to 
nodellines 37 and its output connected to output line 39 to 
provide the output signal VAD. In addition, the Second 
inverter I2 is connected by line 31 to power Supply Voltage 
VCC and to reference potential (OV) via line 32. 

Referring to FIG. 2B, the first inverter I1 includes a 
CMOS pair of FET devices comprising the PFET PA and the 
NFET NA with their source/drain circuits connected in 
series with their drains connected together at node 37. The 
Source terminal of the PFET PA is connected via line 36 to 
the PSPC Source U2. The Source terminal of the NFETNA 
is connected via line 38 to the NSPC Source U4. 
When the input signal VA on line 12' transits from logic 

high to logic low, in the inverter I1 the PFET PA is turned 
ON and NFET NA is turned OFF. When the PFET PA is 
turned ON, analog current flows from line 36. The analog 
current flowing through line 36, which varies as a function 
of the P side digital control word on bus line 40, flows 
through the source/drain circuit of the PFET PA into the 
node 37 to charge the input capacitance C relative to the 
reference potential. In other words, the current that charges 
the capacitor C or the input capacitance of the Second 
inverter I2 is the source current flowing through line 36, 
which (as stated above) is connected to the PSPC source U2, 
shown in FIG. 2D. 

If the charging current is large, the Voltage on the node 37 
acroSS the capacitance C increaseS rapidly, the output of the 
Second inverter I2 is changed from logic high to logic low 
early. Thus the delay time of the falling edge of output Signal 
VAD is short. On the other hand, if the charging current is 
Small, the Voltage on node 37 across the capacitance C 
increases slowly, and the output VAD of the second inverter 
I2 is changed from logic high to logic low late. Thus the 
delay time of the falling edge of output Signal VAD is long. 
When the input signal VA transits from logic low to logic 

high, in the inverter I1, the PFET PA is turned OFF and 
NFETNA is turned on. When NFETNA is turned on, analog 
current flows from the capacitor C through node 37 and line 
38 between buffer U1 and the NSPCU4. The analog current, 
which varies as a function of the digital N side control word 
on bus line 50, discharges the input capacitance C at the 
input of the Second inverter I2 as a result of the analog sink 
current flowing through line 38, which (as stated above) is 
connected to the NSPC Source U4, shown in FIG. 2F. 

If the discharging current is large, the Voltage on the 
capacitance C decreaseS rapidly, the output VAD of the 
Second inverter I2 is changed from logic low to logic high 
early, and the delay time of the rising edge of the output 
Signal VAD is short. If the discharging current is Small, the 
Voltage on the capacitance C decreases slowly, the output of 
the Second inverter I2 changes from logic low to logic high 
late, the delay time of the rising edge of output Signal VAD 
is long. 

The input capacitance C to the Second inverter I2 may be 
a separate capacitor C, as shown in FIG. 2B. Alternatively, 
the input capacitance C may comprise the parasitic capaci 
tance of the output circuit of the first inverter I1 and the input 
circuit of the second inverter I2. 
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8 
It is obvious that the PSPC source U2 determines the 

falling edge delay time and the NSPC source U4 determines 
the rising edge delay time. Since there is separate control of 
the PSPC source U2 and the NSPC source U4, as described 
above, the falling edge delay time and the rising edge delay 
time can be set independently. 

FIG. 2C shows the details of a preferred embodiment of 
the Schematic circuit diagram of the Second inverter I2 
including PMOS FET devices PB, PC and PD and NMOS 
FET devices NB, NC and ND connected in a Schmitt trigger 
configuration. The Second inverter I2 can decrease the rising 
time and falling time of the inverter output signal VAD 
because of the positive feedback. The nodes/lines 37 serve 
as the input to the Second inverter I2 connecting through 
nodes/lines 61 to the gates of PMOSFETs PB and PC and 
the gates of NMOS FETs NB and NC. 
The power Supply Voltage VCC is connected through line 

31 to the node/lines 66 thereby connecting to the source of 
PMOS FET PB and the drain of NMOS FET ND. The 
reference potential OV is connected through line 32 to node 
and line 65, which connects to the source of NMOSFETNC 
and the drain of PMOS FET PD. 
The Source/drain circuits of PMOS FETS PB and PC and 

NMOS FETs NB and NC are connected in Series in that 
order between node 66 (VCC) and node 65 (OV). The drain 
of PMOS FETs. PB is connected through node and lines 62 
to the Sources of PMOS FETS PD and PC. The drain of 
NMOS FETs NC is connected through node and lines 63 to 
the Sources of NMOS FETs NB and ND. The drains of 
PMOSFET PC and NMOSFET NB are connected through 
nodes and lines 64 and the output line 39 to the terminal for 
the output signal VAD and the gates of PMOSFET PD and 
NMOS FET ND. 
2. P Side Programmable Current (PSPC) Source U2 

FIG. 2D is a schematic circuit diagram of PSPC source 
U2 of FIG. 2A, which is a Ptype current mirror that converts 
a digital input signal on lines 41-43 from PS latch U3 to an 
analog current through output line 36. The primary part of 
the current mirror includes a fixed current Source IP and the 
initial PMOS FET P0 which provide a current to be mir 
rored. The Source of PMOS FET PO is connected via 
lines/nodes 71 to line 31 to power supply voltage VCC. The 
drain and gate of PMOS FET P0 are interconnected to 
node/lines 72 and the upper end of fixed current source IP. 
The lower end of fixed current source IP is connected 
through line 32 to the reference potential (OV) terminal of 
the power Supply. 
The Secondary part of the Ptype current mirror comprises 

a set of PMOSFET fingers P1, . . . , Pn-1, Pn comprising 
programmable current Sources that are Switched by Switch 
circuits connected to receive the respective digital Switching 
signals PL1, ..., PLn-1, PN on lines 41, 42, 43 from the 
PS latch U3, plus the default PFET PD. The PMOSFET P0, 
the switched PMOSFETs P1, ... Pn-1, Pn, and the PMOS 
default FET PD have the same channel length, but they all 
have different channel widths. The analog current through 
each of the fingers P1, ..., Pn-1, Pn is the product of the 
current through the fixed current source IP and the ratio of 
the channel width of the PMOSFET in that particular finger 
Over the channel width of the PMOS FET PO. 
The Switch circuits comprise a set of inverters IP1, . . . 

IPn-1, IPn, and corresponding Series connected pairs of the 
PMOS FETs P1 1, P1 2, ..., Pn-1 1, Pn-1 2, Pn 1, 
and Pn 2 turn ON or turn OFF each of the fingers P1, . . . 
Pn-1, Pn in response to the signals PL1, PLn-1 and PLn on 
lines 41, 42, 43. The PMOS FETs P1 1 and P1 2; PFETs 
Pn-1 1 and PFETs Pn-1 2; and Pn 1, and Pn 2 are 
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connected as Series pairs with their Source/drain circuits 
connected in series. The sources of upper PMOS FETs 
P1 1, Pn-1 1, and Pn 1, are connected to power supply 
VCC via lines/nodes 71 and line 31. The drains of PFETs 
P1 2, Pn-1 2, and Pn 2 are connected via lines/nodes 72 
to the gate of PMOS FET P0 and the upper end of current 
Source IP. The drains of PMOS FETs P1, Pn-1, Pn are 
connected via lines/nodes 79 and the output line 36 to buffer 
U1. 

First input PL1 on line 41 from Pside latch U3 connects 
to node 73 of the first Switch circuit that connects to the gate 
of PMOS FET P1 2 and input of the inverter IP1 that 
provides an output to the gate of PMOS FET P1 1. The 
n-1" input PLn-1 on line 42 from PS latch U3 connects to 
node 75 of the n-1" switch circuit that connects to the gate 
of PMOSFET Pn-1 2 and input of the inverter IPn-1 that 
provides an output to the gate of PMOSFET Pn-1 1. The 
n" input PLn on line 43 from PS latch U3 connects to node 
77 of the n' switch circuit that connects to the gate of PMOS 
FET Pn 2 and input of the inverter IPn that provides an 
output to the gate of PMOS FET Pn 1. 

For example, when control signal on PL1 line 41 from the 
PS latch U3 is at its logic low, in the first Switch circuit the 
PMOSFET P1 1 is turned OFF, and PMOSFET P1 2 is 
turned ON causing the PMOS FET P1 to be turned ON so 
that the mirrored current through PMOS FET P1 is ON 
allowing current to flow from the voltage source VCC 
through line 31, node 71, the source/drain of finger P1 and 
node 79 to provide an output flow of current through line 36 
to the buffer U1. On the other hand, when the control signal 
on PL1 line 41 is at its logic high, PMOS FET P1 1 is 
turned ON, PMOSFETP1 2 is turned OFF, so PMOSFET 
P1 is turned OFF, so no mirrored current sources (i.e. flows) 
through the source/drain circuit of finger P1 through line 79 
and line 36 to the buffer U1. 
PMOSFETPD is a default finger without any connection 

of a Switch circuit to the gate electrode thereof. The PMOS 
FETPD always provides a charge current when the PMOS 
FET PA of the buffer U1 is turned ON, so that when all 
programmable fingers are turned OFF, the PMOS FET PD 
still provides a charge current via line/node 79 through line 
36 to the buffer U1. All inverters (IP1, ..., IPn-1, IPn) are 
powered by the power supply VCC and OV. 
3. PSide (PS) Latch U3 

FIG. 2E is a schematic, circuit diagram of the PS latch U3 
of FIG. 2A. PS latch U3 consists of a set of “n” D type 
registers PD1, ..., PDn-1, PDn. A D type register or a D 
register is a very popular unit in digital circuits. Such a 
register has two inputs: D and CLK. When a pulse is applied 
to the CLK input, the logic Status on input D is read to the 
register output Q. The data terminals of the D type registers 
are connected to individual lines PCW1, . . . PCWn-1, 
PCDWn in bus line 40 that connect bits of the PSide control 
word to individual ones of the registers PD1, ..., PDn-1, 
PDn. The complement outputs Q of the registers PD1, ..., 
PDn-1, PDn provide the digital control signals PL1, . . . , 
PLn-1, PLn on lines 41–43 to the Pside PSPC source U2. 
When the Pside control word on bus lines 40 is written 

by a write signal on line 66, (connected through AND 45 to 
the node that connects through lines/nodes 44 to the CLK 
input of the registers PD1, ..., PDn-1, PDn by the signal 
of “write” on line 66) the logic status of the control signals 
of fingers P1, Pn-1, Pn could be changed. For example, 
when the bit on line PCW1 is logic high and written to the 
register PD1, PL1 line 41 is at a logic low which turns ON 
the finger P1 of Pside PSPC source U2. However, when the 
bit on line PCW1 is logic low and written to the register 
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PD1, PL1 line 41 is at logic high, which turns OFF the finger 
P1 of the PSPC Source U2. 
The AND gate 45 is important because it provides 

protection, that only when the input signal VA on line 46 to 
AND 45 is at a logic high (because the PMOSFETPA of the 
first inverter I1 of buffer U1 is turned OFF) the “write” 
signal online 66 is allowed to write a new status of the Pside 
control word to the registers PD1, . . . , PDn-1, PDn to 
change the logic Statuses of the fingers P1, . . . Pn-1, Pn. 
The protection function guarantees that the timing of the 

delay time of each falling edge of the input pulse of input 
signal VA is predictable and controllable. This function 
makes the delay unit qualified to adjust the timing of a high 
Speed System both on line and in real time. 

All D type registers (PD1, ... PDn-1, PDn) and AND 
gate 45 are powered by the power Supply VCC and OV. 
(please delete the connections 31 and 32 on the D type 
registers). 
4. N Side Programmable Current (NSPC) Source U4 

FIG. 2F is a schematic circuit diagram of NSPC source 
U4 of FIG. 2A, which is an N type current mirror that 
converts a digital input signal on lines 51-53 from PS latch 
U5 to an analog current through output line 38. The primary 
part of the current mirror includes a fixed current source IN 
and the initial NMOS FET NO that provide a current to be 
mirrored. The Source of NMOS FET P0 is connected via 
lines/nodes 81 to line 32 to reference potential (OV). The 
drain and gate of NMOS FET NO are interconnected to 
node/lines 82 and the lower end of fixed current Source IN. 
The upper end of fixed current source IN is connected 
through line 31 to the terminal of the power Supply Voltage 
VCC. 
The NSPC source U4, shown in FIG. 2F is an N type 

current mirror. Primary parts of the current mirror are fixed 
current source IN and PMOS FET NO. Secondary parts of 
current mirror U4 are a set of Switched NMOSFET fingers 
N1, ... Nn-1, Nn plus the default NMOS FET ND. The 
NFETS N0, N1, ... Nin-1, Nn, ND have the same channel 
length, but different channel widths, the current through 
each finger is the product of the current through the fixed 
current Source IN and the ratio of the channel width of the 
NMOSFET in that particular finger over the channel width 
of the PMOS FET NO. 
The inverters of IN1, . . . INn-1, INn, NMOS FETs 

N1 1, N1 2, . . . Nin-1 1, Nin-1 2, Nn 1, Nn 2 are 
used to turn each of the fingers ON or OFF. For example, 
when the control signal on NL1 line 51 from the NS latch U5 
is at logic high, NMOS FET N1 1 is turned OFF, NMOS 
FET N1 2 is turned ON so that NMOS FET N1 is turned 
on, the mirrored current through NMOS FET N1 is ON. 
When the control signal on NL1 line 51 is at logic low, 
NMOS FETs N1 1 is turned ON, NMOS FET N1 2 is 
turned OFF, NMOSFET N1 is turned OFF, so no mirrored 
current sources (i.e. flows) from the finger N1 through the 
Source/drain of the fingers of the NSPC source U4 and 
through lines 79 and 38 to buffer U1. 
The NMOSFET ND is a default finger without the switch 

circuits in the gate, The NMOS FET ND always provides 
discharge current when the NMOSFETNA of the buffer U1 
is turned ON, So that when all programmable fingers are 
turned OFF, the NMOSFETND still provides the discharge 
current. All of the inverters (IN1, . . . INn-1, INn) are 
powered by connection acroSS the power Supply VCC and 
reference potential (OV). 
5. N Side (NS) Latch U5 
The NS latch U5 shown in FIG. 2G consists of a set of D 

type registers ND1, . . . NDn-1, NDn, wherein the data 
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terminals of the registers are connected to bits of the N side 
control word, NCW1, ... NCWn-1, NCDWn. The outputs 
of the registers ND1, ... NDn-1, NDn provide the digital 
control signals NL1,..., NLn-1, NLn on lines 51-53 to the 
NSPC Source U4. When the control word on bus lines 50 is 
written to the registers ND1, ... NDn-1, NDn by the signal 
of “write” on line 76 transmitted through AND 55 to node 
and lines 54 which are connected to the CLK inputs of the 
registers ND1, . . . NDn-1, NDn, the logic status of the 
control signals of registers NL1, NLn-1, NLn could be 
changed. 

For example, when the control word bit on line NCWL 
from Pside control bus line 50 is logic high and written to 
the register ND1, control signal on NL1 line 51 is at logic 
high which turns ON the finger N1 of NSPC source U4, 
when the bit of NCW1 is logic low and written to the register 
ND1, NL1 is at logic low which turns OFF the finger N1 of 
NSPC Source U4. 
The combination of the inverter 57 and the AND gate 55 

provides an important protection, only when the input signal 
VA is at logic low, the NMOSFETNA of buffer U1 is turned 
OFF, the signal “write” is allowed to write a new status of 
Nside control word to the registers ND1, ... NDn-1, NDn 
to change the logic Statuses on lines NL1, ... NLn-1, NLn. 

The protection function guarantees the delay time of each 
rising edge of the input pulse of input Signal VA is predict 
able and controllable. This function makes the delay unit 
qualified to adjust the timing of high Speed System on line 
and in real time. 

All of the D type registers (ND1, ... NDn-1, NDn), the 
AND gate 55 and the inverter 57 are powered by the power 
supply VCC and reference potential (OV). 

While this invention has been described in terms of the 
above specific embodiment(s), those skilled in the art will 
recognize that the invention can be practiced with modifi 
cations within the Spirit and Scope of the appended claims, 
i.e. that changes can be made in form and detail, without 
departing from the Spirit and Scope of the invention. Accord 
ingly all Such changes come within the purview of the 
present invention and the invention encompasses the Subject 
matter of the claims which follow. 

Having thus described the invention, what is claimed as 
new and desirable to be secured by Letters Patent is as 
follows: 

1. A method of providing programming of dual edge 
programmable delay unit comprising: 

providing a buffer circuit which is adapted to receive a 
buffer input signal, with Said buffer input Signal falling 
at an input Signal fall time and Said buffer input Signal 
rising at an input signal rise time; 

Said buffer circuit providing a falling buffer output signal 
at an output Signal fall time and a rising buffer output 
Signal at an output signal rise time; 

providing a variable fall time control input; 
providing a variable rise time control input; 
providing a Fall Time Programmable Control Source 
(FTPCS) for programming a variable FTPCS signal to 
said buffer circuit as a function of said fall time control 
input; 

providing a Rise Time Programmable Control Source 
(RTPCS) for programming a variable RTPCS signal to 
Said buffer circuit as a function of Said rise time control 
input; 

Said buffer circuit providing Said buffer output Signal with 
a fall time delay between said input signal fall time and 
Said output signal fall time as a function of Said variable 
FTPCS signal; and 

5 

15 

25 

35 

40 

45 

50 

55 

60 

65 

12 
Said buffer circuit providing Said buffer output Signal with 

a rise time delay between said input Signal rise time and 
Said output Signal rise time as a function of Said 
variable RTPCS signal. 

2. The method of claim 1 wherein said buffer circuit 
includes a first inverter and a Second inverter. 

3. The method of claim 1 including: 
providing said buffer circuit with a first inverter and a 

Second inverter; 
providing for Said first inverter to have an input for 

receiving Said buffer input Signal via an intermediate 
node, 

providing for Second inverter output to generate Said 
buffer output signal in response to an input to a Second 
inverter input; 

providing for said first inverter to have a first inverter 
output connected to Said Second inverter input; 

providing for said first inverter to respond to said FTPCS 
when Said input Signal transits from logic high to logic 
low to initiate said fall time delay; 

providing for said first inverter to respond to said RTPCS 
when Said input signal transits from logic low to logic 
high to initiate Said rise time delay; 

generating triggering of Said Second inverter to initiate 
Said falling buffer output signal at the end of Said fall 
time delay and to initiate Said rising buffer output Signal 
at the end of a rise time delay. 

4. The method of claim3 including connecting a capacitor 
between said node and a reference potential. 

5. The method of claim 3 including: 
connecting a capacitor between Said node and a reference 

potential; and 
providing a Schmitt trigger circuit as Said Second inverter. 
6. The method of claim 3 including providing for said 

buffer circuit to respond as follows: 
a. to an output current from said FTPCS when said input 

Signal transits from logic high to logic low; and 
b. to respond an output current through said RTPCS when 

Said input signal transits from logic low to logic high. 
7. The method of claim 3 including: 
providing a first control word to a first latch which in turn 

provides a first variable control signal to said FTPCS; 
and 

providing a Second control word to a Second latch which 
in turn provides a Second variable control Signal to Said 
RTPCS. 

8. The method of claim 7 including: 
providing FET fingers in said FTPCS with each finger 

thereof being controlled by an output from a register in 
Said first latch; and 

providing FET fingers in said second RTPCS with each 
finger thereof being controlled by an output from a 
register in a corresponding latch. 

9. The method of claim 3 including: 
providing current mirror circuits in said FTPCS and said 
RTPCS; 

providing a first control word to a first latch which in turn 
provides a first variable control Signal to Said first 
FTPCS; 

providing a Second control word to a Second latch which 
in turn provides a Second variable control Signal to Said 
RTPCS; and 

providing FET fingers in said FTPCS with each finger 
thereof being controlled by an output from a register in 
Said first latch; and 



US 6,914,467 B2 
13 

providing FET fingers in said RTPCS with each finger 
thereof being controlled by an output from a register in 
a corresponding latch. 

10. The method of claim 9 including connecting a capaci 
tor between Said node and a reference potential. 

11. The method of claim 9 including: 
connecting a capacitor between Said node and a reference 

potential; and 
providing a Schmitt trigger circuit as Said Second inverter. 
12. The method of claim 8 including providing current 

mirror circuits in Said FTPCS and said RTPCS. 
13. The method of claim 9 including: 
providing a first control word to a first latch which in turn 

provides a first variable control signal to said FTPCS; 
and 

providing a Second control word to a Second latch which 
in turn provides a Second variable control Signal to Said 
RTPCS. 

14. The method of claim 6 including: 
providing FET fingers in said FTPCS with each finger 

thereof being controlled by an output from a register in 
Said first latch; and 

providing FET fingers in said RTPCS with each finger 
thereof being controlled by an output from a register in 
a corresponding latch. 

15. A method of providing dual edge programming in a 
programmable delay unit comprising: 

providing a buffer control circuit with a signal input, a 
signal output, a PSPC connection line, and a NSPC 
connection line; 

providing an P Side Programmable Current (PSPC) 
Source having a PSPC input and a PSPC current line 
connected to said buffer through said PSPC connection 
line; 

providing an N side (NS) latch adapted to receive an input 
of an N side control word and an N side write signal and 
outputs of N Side Switching Signals, which are a func 
tion of Said N side control word; 

said NS latch providing outputs of N side Switching 
Signals which are a function of Said N Side control 
word, with outputs of Said N Side Switching Signals 
being provided to said input of said PSPC source; 

providing an N Side Programmable Current (NSPC) 
Source having an NSPC source input and an NSPC 
current line connected to said buffer through said NSPC 
connection line; 

providing a Pside (PS) latch adapted to receive an input 
of a Pside control word and a Pside write signal and 
outputs of P Side Switching Signals, which are a func 
tion of Said Pside control word; and 

Said PS latch providing outputs of PSide Switching Signals 
which are a function of said Pside control word with 
Said outputs of Said N Side Switching Signals being 
provided to said input of said PSPC source. 

16. The method of claim 15 wherein said buffer control 
circuit includes a first inverter and a Second inverter. 
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17. The method of claim 15 including: 
providing said buffer control circuit with a first inverter 

and a Second inverter each having an input and an 
output with said first inverter having a first inverter 
input and a first output and Said Second inverter having 
a Second input and a Second output; 

providing for Said first inverter to respond to Said first 
PSPC source when said input signal transits from logic 
high to logic low to connect between said first PSPC 
Source and Said first output; 

providing for Said first inverter to respond to Said Second 
PSPC source when said input signal transits from logic 
low to logic high to connect between said second PSPC 
Source and Said first output; 

connecting Said first output of Said first inverter to a node 
connected to Said Second input of Said Second inverter; 
and 

Said Second inverter providing Said output signal at Said 
Second output, from Said Second inverter. 

18. The method of claim 15 including: 
providing a PMOSFET and an NMOS FET in said first 

inverter having first ends of Source drain circuits 
thereof connected to Said output of Said first inverter; 

connecting Said input to Said first inverter to gate elec 
trodes of Said PMOS FET and Said NMOS FET. 

19. The method of claim 18 including connecting opposite 
ends of Said source drain circuits of said PMOS FET and 
said NMOS FET to outputs of said first PSPC source and 
said second PSPC Source. 

20. A dual edge programmable delay unit comprising: 
a buffer circuit which is adapted to receive a buffer input 

Signal, Said buffer input signal falling at an input Signal 
fall time and Said buffer input Signal rising at an input 
Signal rise time; 

Said buffer circuit being adapted to provide a falling buffer 
output signal at an output signal fall time and a rising 
buffer output Signal at an output Signal rise time, 

a variable fall time control input; 
a variable rise time control input; 
a Fall Time Programmable Control Source (FTPCS) for 
programming a variable FTPCS signal to said buffer 
circuit as a function of Said fall time control input; 

a Rise Time Programmable Control Source (RTPCS) for 
programming a variable RTPCS signal to said buffer 
circuit as a function of Said rise time control input; 

Said buffer circuit providing Said buffer output Signal with 
a fall time delay between said input signal fall time and 
Said output signal fall time as a function of Said variable 
FTPCS signal; and 

Said buffer circuit providing Said buffer output Signal with 
a rise time delay between said input Signal rise time and 
Said output Signal rise time as a function of Said 
variable RTPCS signal. 

k k k k k 


